Dental malocclusions coupled with skeletal discrepancies usually require a combination of surgical and orthodontic interventions. Most common orthognathic procedures involved in facial, functional, and esthetic corrections are Le Fort-I osteotomy, mandibular bilateral sagittal split osteotomy (BSSO), and genioplasty.[@B1]

The recent introduction of cone-beam computed tomography (CBCT) into dentistry has given the surgeon the ability to perform real-time, virtual surgical planning.[@B2] It also helps in the diagnosis and dento-facial evaluation of pre-surgical orthognathic cases.[@B2] Coupled with a relatively low radiation dose and a high spatial resolution, CBCT is rapidly becoming the imaging modality of choice in the pre-surgical evaluation of orthognathic surgical procedures.

Most common incidental findings that appeared during the interpretation of CBCT volumes are associated with the sinonasal complex, pharyngeal wall and airway, temporomandibular joint (TMJ), and the jaws.[@B3]

This report is the first to describe a rare case of an osteolytic lesion found in the clivus of a patient with an otherwise unremarkable history, discovered during the pre-surgical interpretation of a CBCT volume.

Case Report
===========

A 27-year-old male patient visited the Department of Orthodontics in the University of Connecticut, School of Dental Medicine with the chief complaint of an \"asymmetric face.\" The consulting orthodontist performed a facial and dental evaluation and arrived at a working diagnosis of facial asymmetry associated with skeletal malocclusion. An initial panoramic radiograph was taken to evaluate the maxillofacial complex. The panoramic image and posterior-anterior (PA view) showed an asymmetry of the mandible with deviation to the left side and slightly increased dimension of the right side of the jaw ([Fig. 1](#F1){ref-type="fig"}). The oral and maxillofacial (OMF) surgeon suspected condylar hyperplasia, and to further evaluate the growth of the condyle, a single-photon emission computed tomography (SPECT) study of the mandible was requested. The SPECT study showed a mild increase in the tracer uptake on the right side, but it was not significant enough to suggest active growth ([Fig. 2](#F2){ref-type="fig"}). To correct the facial asymmetry and the skeletal malocclusion, which was the patient\'s chief complaint, an orthognathic surgery was planned. The patient was at this point referred to the Advanced Oral and Maxillofacial Imaging Center at the University of Connecticut School of Dental Medicine for a pre-surgical evaluation using CBCT.

The CBCT image was acquired with a Hitachi CB Mercu-Ray CBCT unit (Hitachi Medical Corporation, Tokyo, Japan) with 12-inch×12-inch field of view (FOV) at 120 kVp and 15 mA, as per the departmental imaging protocol for a pre-orthognathic surgical evaluation. During the radiographic interpretation of the acquired scan volume, an ellipsoidal, well demarcated, osteolytic lesion with a small central area of mineralization was incidentally discovered on the clivus/basisphenoid ([Fig. 3](#F3){ref-type="fig"}). The lesion extended laterally from the midline to the left margin of the clivus and sagittally to the posterior border of the sphenoid sinus. The borders of this lesion were hyperostotic, and the lesion had the overall dimensions of 12mm×8.5mm×8.5 mm at its greatest right angle diameters. No mass effect was noted on the adjacent bony structures, most importantly, the carotid canals. Given its location and radiographic appearance of a non-aggressive nature, a primary differential diagnosis of a benign fibro-osseous lesion and arrested pneumatization was made.

Since CBCT inherently lacks the differential attenuation for soft tissue, this case was discussed with a neuroradiologist who recommended magnetic resonance imaging (MRI) to evaluate the internal contents and possible soft tissue involvement. An MRI of the brain was performed with sagittal and axial T1 pre- and post-gadolinium, T2, fluid attenuation inversion recovery (FLAIR), diffusion weighted images (DWI), apparent diffusion coefficient (ADC), and gradient-echo (GRE) sequences. On the T1 and FLAIR sequences ([Figs. 4A and B](#F4){ref-type="fig"}), the lesion showed hypointensity, while on the T2 weighted sequence ([Fig. 4C](#F4){ref-type="fig"}), it had a heterogeneous signal intensity. Mild internal enhancement was noted on the post-gadolinium T1 images ([Fig. 4D](#F4){ref-type="fig"}). These MRI findings might be attributed to the possible fibrous, chondroid, or cystic component of the lesion, and a differential diagnosis of chondromyxoid fibroma and chondroblastoma was made.

The DWI, ADC, and GRE sequences showed marked magnetic susceptibility secondary to orthodontic braces and were not of diagnostic value.

Discussion
==========

The posterior portion of a sphenoid body along with the basiocciput forms the clivus. The spheno-occipital synchondrosis, which is one of the last sutures in the body to fuse, is primarily responsible for the growth of the skull base postnatally.[@B4] Margins of the clivus include a petro-occipital fissure anterior-laterally while basiocciput and the exo-occipital bone form the posterior-lateral margin. Anteriorly, it blends into the posterior body of the sphenoid sinus, and posteriorly, it continues as the anterior aspect of the foramen magnum.

Anatomically, the clivus can be found well on the sagittal sections on CBCT, CT, and MRI. The clivus consists of a central cancellous bone and a peripheral cortical bone. On the MRI, the signal intensity depends upon the nature and the amount of marrow in the cancellous clivus. In young individuals, the hematopoietic component predominates, which results in a low T1 signal. As the fatty transformation of the marrow occurs with advancing age, the T1 signal becomes brighter. Inflammation, tumors, vascular lesions, and various other abnormalities can cause altered signal intensity due to the replacement of the fatty marrow.[@B5]

The apparent site of the lesion is often an indicator of its embryological origin, and most tumors develop according to the tissue present in a particular region. Arrested pneumatization can be confused with a variety of skull base lesions; on CT images, this could appear as an osteolytic lesion with sclerotic margins and sometimes internal curvilinear calcifications. MRI shows a high T1 signal, which corresponds to the fat, while T2 appears from a low-to-high signal intensity.[@B6] In our case, all of the above MRI characteristics were met except that there was no fat signal on the T1 acquisitions.

Tumors in the clivus are uncommon and can be incidental findings on the CT and the MRI. Primary bone neoplasms, including chordoma, chondrosarcoma, plasmacytoma, sellar lesions, benign fatty lesions, and metastatic lesions are known to involve the clivus.[@B7],[@B8],[@B9],[@B10]

Chordoma is an osteolytic lesion that usually has sharp borders with bony fragments internally, as opposed to ring-like calcifications often seen in chondrosarcomas. Both of these lesions have a tendency to expand and cause destruction of the adjacent structures. In our case, the lesion was non-aggressive appearing with sclerotic margins, which represented a typical bone reaction to a slow growth process. Solitary plasmacytoma is rare in the clivus and usually progresses to multiple myeloma. These osteolytic lesions appear hyperdense on CT and have an intermediate-to-high signal intensity on both T1 and T2 MRI.[@B11]

Chondroid tumors, including chondromyxoid fibroma, originate in the cartilaginous remnants of the skull base synchondrosis.[@B12] Petroclival synchondrosis is known to be involved most commonly. Chondroblastomas are epiphyseal tumors of long bones but can occur in the skull base, although cases have been reported involving the temporal bone and rarely, the sphenoid bone.[@B13],[@B14],[@B15] These osteolytic lesions with sclerotic margins tend to expand and show internal calcifications. On the MRI, they are usually hypointense on T1 and heterogeneously intense on T2 with variable contrast enhancement following gadolinium. These imaging characteristics are consistent with our case except that the lesion was not expansile.

Sellar lesions, such as pituitary macroadenomas, can invade and expand the sella turcica laterally into the cavernous sinuses and inferiorly into the clivus.[@B8] Neoplastic lesion and infections of the nasopharynx can invade from below into the skull base, notably against the clivus and the foramen lacerum.[@B16]

Several studies have evaluated the prevalence of incidental findings on CBCT.[@B3],[@B17] A majority of such incidental findings are reported in the sinonasal complex, C-spine, and the soft tissues. Incidental findings, which are also known as incidentaloma, may be defined as \"an incidentally discovered mass or lesion detected by CT, MRI, or other imaging modality performed for an unrelated reason.\"[@B18] A majority of such incidental findings are benign; however, as some of them may be serious, it is essential to evaluate and report such lesions.

Due to the utilization of variable FOVs on CBCT, it is not uncommon to see the skull base on larger FOV scans, and thus, it has become important to understand the pathologies and their imaging characteristics on CT and MRI. The relevance of this case is to present a rare but potentially significant incidental finding in the skull base. It is often important to have the entire volume of a large FOV CBCT interpreted by a qualified OMF radiologist. Although this case report is limited by the lack of final diagnosis and the patient was lost to follow-up, the incidental skull base finding is important and instructive for all dentists using large FOV CBCT imaging in caring for their patients.

![A. A panoramic radiograph of the patient shows increased ramal height on right side. B. A posterio-anterior skull view shows facial asymmetry and deviated jaw.](isd-44-165-g001){#F1}

![SPECT study shows very mild uptake in the right mandibular condyle.](isd-44-165-g002){#F2}

![A. Axial CBCT shows osteolytic lesion on clivus with hyperostotic borders and small area of mineralization internally. B. Coronal image shows lateral extent of the lesion and sclerotic rim. C. Sagittal image shows anterio-posterior extension of the lesion.](isd-44-165-g003){#F3}

![A and B. Coronal T1 weighted (A) and axial FLAIR MR images show low signal intensity. C. Coronal T2 weighted image shows heterogeneous intensity internally. D. Coronal T1 post gadolinium image shows very mild internal enhancement.](isd-44-165-g004){#F4}
